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Abstract 
In this study, we have analysed the interaction between prey avail- 
ability and feeding behaviour of age-1 and 2 perch in the top-down 
manipulated Bautzen Reservoir from 1986 to 1997. We focused on 
predation on daphnids and age-0 fish. Age-1 and 2 perch in Bautzen 
Reservoir were sampled with multi mesh size gill nets (10 to 32 mm 
bar mesh size). Stomach contents of age-1 and age-2 perch were 
analysed. To determine the year-class strength of age-0 fish, gill-nets 
with 6, 7 and 10 mm bar mesh size were used. Sampling of zooplank- 
ton was done using nets with mesh sizes of 500 and 750 om and a 2- 
L Ruttner-sampler. Feeding behaviour of age-1 perch was strongly 
determined by the abundance of daphnids. There was a clear func- 
tional relationship between diet composition of age-1 perch and 
availability of D. galeata, but age-1 perch could not be described as 
important predators of daphnids due to their low abundance. This age 
group was at least partly piscivorous in all years analysed. Age-2 
perch fed on D. galeata only at a low level. They were mainly pisciv- 
orous. Our study indicates that probably the good growth of perch in 
response to the high proportion of piscivores in the lake contributes 
to the strong overall piscivory of the perch population and therefore 
enhances the efficacy of a long-term biomanipulation experiment. 
Introduction 
Biomanipulation through top-down food-web control can be 
an effective cological method for improving water quality of 
standing waters (CARPENTER & KITCHELL 1992; BENNDORF 
1995). Stocks of adult zooplanktivorous fi h are decreased, 
releasing large zooplankton species (daphnids) from preda- 
tion. This leads to an increased grazing by zooplankton and 
consequently the phytoplankton shifts to larger forms, thus 
increasing water transparency (McQuEEN et al. 1992; BENN- 
DORE 1995). But in some systems invertebrate predators 
(WlSSEL & BENNDORF 1998) or age-0 fish (QIN & CULVER 
1995; MEHNER et al. 1996 a) have replaced the adult zoo- 
planktivorous fish [e.g. roach (Rutilus rutilus L.)] as the main 
planktivores and counteracted the long-term success of the 
biomanipulation. 
Therefore, for the further application of biomanipulation it 
is crucial to know which fish groups are the main Daphnia 
predators and which predatory fish may be capable of con- 
trolling the abundant age-0 groups. Among the piscivorous 
species tocked most frequently in Central Europe, both zan- 
der (Stizostedion Iucioperca L.) and pike (Esox lucius L.) un- 
dergo ontogenetic diet shifts from zooplanktivory to pis- 
civory (NAG1EC 1977; VAN DENSEN 1985 b; RAAT 1988; 
BUIJSE 8z HOUTHUIJZEN 1992). This is similarly known from 
perch (Percafluviatilis L.; SPANOVSKAYA & GRIGORASH 1977, 
VAN DENSEN 1985 a; THIEL 1989), which is treated as the key 
species for the long-term stability of biomanipulated fish 
communities (PERROW et al. 2000). However, in contrast o 
zander and pike, the opportunistic perch (CRAIG 1987) may 
switch back to benthivory or planktivory if relative availabil- 
ities of the several prey components have changed. 
The diet composition of age-0 perch in biomanipulated 
lakes is well-known (e.g., MEHNER et al. 1995, 1996 a, b, 
1998 a), but little information is available about interactions 
between older life-stages of perch and their potential prey 
items (zooplankton or age-0 fish) in top-down manipulated 
food-webs. The expected variability in feeding behaviour of 
the age-1 and 2 perch could be a key process for the under- 
standing of how perch populations may contribute to the suc- 
cess of biomanipulation approaches in eutrophic waters. 
Therefore, we have focused this study on the following ques- 
tions: (1) Are there differences in the prey composition of 
age-1 and age-2 perch in response to seasonally fluctuating 
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densities of large herbivores (Daphnia), and (2) Is there a 
functional relationship between diet composition of perch 
and the availability of daphnids, and is this relationship addi- 
tionally influenced by the appearance of age-0 fish as alterna- 
tive prey? 
Study site 
Bautzen Reservoir is located at the river Spree about 70 km 
northeast of Dresden (Saxony, Germany). It is hypertrophic 
and has a surface area of 533 ha, a mean depth 7.4 m and a 
maximum depth of 12 m [for more details see BENNDORF et 
al. (1998)]. In the long-term (since 1981) biomanipulated 
Bautzen Reservoir, stocks of eel (Anguilla nguilla L.), wels 
(SiIurus glanis L.), pike and zander were artificially en- 
hanced (predator enhancement was stopped in 1995) and pro- 
tected against overfishing by anglers (BENNDORF et al. 1988; 
BENNDORF 1995; SCHULTZ 1996). As a consequence, stocks of 
adult bream (Abramis brama L.) and roach decreased and 
age-0 fish (zander, perch and sometimes roach) became the 
main zooplanktivores (MEHNER et al. 1996 a). During the 
long-term biomanipulation experiment the proportion of pis- 
civorous fish (perch, zander and pike) increased from 14% 
(1982) to 68% of the total adult fish biomass in 1997 [for 
more details of the experiment see BENNDORF (1995); BENN- 
DORF et al. (1998)]. Daphnia galeata dominates the zoo- 
plankton community, reaching more than 100 ind. L -1 in 
spring (WAGNER 1998; H~LSMANN et al. 1999). The spring 
peak of daphnids is followed by low densities in summer in 
some years ("midsummer decline", SOMMER et al. 1986). A 
second peak is regularly observed in autumn (BENNDORF et 
al. 1988; WAGNER 1998). 
Material and Methods 
Age-1 and 2 perch in Bautzen Reservoir were sampled with multi- 
mesh gill-nets at different times of the year during the investigation 
period from 1986 to 1997. We used two fleets of gill nets with 10, 13, 
18, 25 and 32 mm bar mesh size each (total net area about 940 m2). 
The fleets were set at the bottom, generally close to the deepest areas, 
and additionally in a water depth of 2 to 4 m. A beach seine and a 
trawl net with 10 mm mesh size in the cod end (average sampling 
speed 1.2 m s -1) were additionally used in 1997. 
Perch were placed on ice after capture. The fish were measured to
the nearest 1mm and weighed to the nearest 1g (fish less than 100 g 
were weighed to the nearest 0.1 g). Where available, the stomach 
contents of at least five fish of both age-1 and age-2 groups were 
analysed per sampling day. This was done by measuring and count- 
ing the prey organisms under a light microscope and a binocular. 
Biomasses of prey organisms were calculated using length-weight 
regressions (MEttNER et al. 1995). The age of perch was determined 
by counting the annual marks of the opercular bones (LE CREN 1947). 
To determine the year-class strength of age-0 fish we used gill-nets 
with 6, 7 and 10 mm bar mesh size. Sampling took place in September 
1992, 1993 and 1995. Year-class trength was calculated as the aver- 
age catch per unit effort per net (CPUE; number of fish per square 
metre net per hour) in four identical groups of gill nets. In 1993 and 
1995 three fleets were set for about 3 hours around noon at the bottom 
and one fleet as floating nets in the central pelagic zone [for more de- 
tails see MEHNER et al. (1998 b)]. In 1992 all fleets were set at the bot- 
tom. Year-class trength was calculated separately for age-0 ruffe (6 
and 7 mm bar mesh size) and age-0 perch, zander and roach (6, 7, and 
10 mm bar mesh size). Total year-class trength of all age-0 fish was 
determined by averaging the sum of CPUE of age-0 perch, ruffe, 
roach and zander from the several nets used simultaneously. 
Sampling of zooplankton was carried out as vertical series at the 
deepest part of the reservoir around noon in biweeMy intervals from 
March to November (2-L Ruttner-sampler, 2.5m intervals). All zoo- 
plankton subsamples were concentrated through a55 gm net. Plank- 
ton nets with mesh sizes of 500 and 750 gm (opening diameter 25 
and 30 cm, flowmeter inside) were used for collecting large zoo- 
plankton (Chaoborus flavicans, Leptodora kindtii, daphnids > 1.1 
ram). Samples were immediately fixed in sugar formaline (HANEY & 
HALL 1973). Counts from all depth intervals were separately per- 
formed using a Kolkwitz chamber by numbering at least 50 speci- 
mens of each important species. Individual zooplankters were mea- 
sured and grouped into 50-~m size classes. Biomasses (wet body 
mass) were calculated using length-weight regressions (MEHNEa et 
al. 1995). A midsummer decline ofD. galeata was defined as the pe- 
riod after the spring peak when the biomass of daphnids declined 
below 1 mg wet weight L ~ (BENNDORV et al., 2001). Annual differ- 
ences in D. galeata biomass and in year-class strength of age-0 fish 
were compared by Kruskal-Wallis ANOVA. 
Results 
Year-class strength of age-0 fish differed significantly be- 
tween the three years analysed (Kruskal-Wallis ANOVA, 
Table 1). The year-class trengths of age-0 fish in 1992 and 
1993 were substantially higher than that in 1995. The ratio 
between the year-classes of 1992 and 1995 was 46:1. Average 
Daphnia gaIeata biomass was significantly higher from mid 
June to mid August in 1995 than during the same periods in 
1992 and 1993 (Kruskal-Wallis ANOVA, Table 1). 
In 1995, a year without a midsummer decline ofD. gaIea- 
ta and less abundant age-0 fish, daphnids were the most im- 
portant food of age-1 perch from June to September. In Octo- 
ber, age-0 fish were the most important prey of age-1 perch. 
Table 1. Average monthly biomass (rag ww L J) ofDaphnia galeata 
(mid June to mid August 1992, 1993 and 1995) and average catch per 
unit effort (ind. m 2 net h -i) of age-0 fish caught by standard hauls of 
gill nets of 6, 7 and 10 mm mesh size in September 1992, 1993 and 
1995 in Bautzen Reservoir. Number of hauls are given in brackets. 
)~2 and P-values of differences between years, tested by Kruskal- 
Wallis ANOVA, are shown. 
1992 1993 1995 Z 2 P 
Age-0 fish 19.47 (4) 8,3 (11) 0.42 (4) 8.06 0.018 
D. galeata 0.20 0.12 6.80 6.00 0.0498 
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Fig. 1. Diet composition of perch in a year without a midsummer 
decline of D. galeata in Bautzen Reservoir. a) Age-1 perch 1995; 
b) age-2 perch 1995 (April to November; fish: age-0 fish from June 
to November, age-1 fish in April and May; the number of stomachs 
analysed isindicated above the bars). 
A switch to benthos was observed in November (Fig. 1 a). 
Age-2 perch also fed on daphnids from May to July, but at a 
lower level than age-1 perch. Fish was the most frequently 
consumed prey of age-2 perch all over the investigation peri- 
od (Fig. 1 b). After May, exclusively age-0 fish were eaten. 
In May 1992, a year with a midsummer decline of 
D. galeata and highly abundant age-0 fish, age-1 perch fed 
exclusively on daphnids. During the midsummer decline age- 
1 perch switched to age-0 fish as prey. They returned to daph- 
nids when those reached a second peak in autumn (Fig. 2 a). 
In 1993, another year with a midsummer decline ofD. galea- 
ta and highly abundant age-0 fish, age-2 perch fed on daph- 
nids and benthos in April and May. During summer they con- 
sumed mostly age-0 fish and did not switch to daphnids again 
even at high biomasses of daphnids in September (Fig. 2 b). 
Fig. 3. Functional relationship between biomass proportion (%) of 
D. galeata in the diet of perch (%) and mean monthly biomass (ind 
L ~) of D. galeata in Bautzen Reservoir. Minimum number of 
stomachs analysed is five per catching day. The number of months 
per year available for analysis are given in brackets, u) Age-1 perch 
as predator, 1986 (3), 1988 (2), 1989 (1), 1992 (3), 1993 (3), 1995 (4), 
1997 (4); b) age-2 perch as predator, 1986 (3), 1988 (1), 1989 (2), 
1992 (2), 1993 (5), 1995 (2). 
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Fig. 2. Diet composition of perch in years with a midsummer de- 
cline of D. galeata in Bautzen Reservoir. a) Age-1 perch 1992; 
b) age-2 perch in 1993 (April to November; fish: age-0 fish from 
June to November, age-1 fish in April and May; the number of stom- 
achs analysed isindicated above the bars). 
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A highly significant correlation (P < 0.0001) between the 
biomasses of D. galeata in the reservoir and the biomass pro- 
portion of D. galeata in the diet of age-1 perch was found 
(Fig. 3 a). Consequently, the share of daphnids in the diet was 
strongly determined by their availability. The strongest in- 
crease in proportion of Daphnia in the stomachs of age-1 
perch was found at relatively low biomasses (0.0 to 2.5 mg 
ww L -z) ofD. gaIeata (Fig. 3 a). 
This was not the case for age-2 perch. No significant cor- 
relation between the biomass of Daphnia galeata in the reser- 
voir and Daphnia proportion in the diet of age-2 perch was 
found (Fig. 3 b). Although high proportions (> 50%) of D. 
galeata in the diet of age-2 perch were predominantly found 
at very high Daphnia biomasses (> 7.5 mg ww L -1, Fig. 3 b), 
there were also cases with very low Daphnia proportions 
at comparably high Daphnia densities in the reservoir 
(Fig. 3 b). 
Discussion 
Feeding behaviour of perch could be a key process in the 
complex system of a manipulated food web. In this study, we 
have analysed the interaction between prey availability and 
feeding behaviour of age-1 and 2 perch in the top-down 
biomanipulated Bantzen Reservoir from 1986 to 1997. We 
have found that the prey composition of perch differed in 
years with and without midsummer declines of Daphnia. 
Furthermore, there where differences concerning the degree 
of piscivory of age- 1 and age-2 perch. 
The diet composition differed between age-1 and 2 perch 
mainly with respect o the degree of zooplanktivory. There 
was a clear relationship between diet composition of age-1 
perch and availability of D. gaIeata (Fig. 3 a). This relation- 
ship could be related to the functional response type of preda- 
tion defined by HOLLING (1959a, b). For this study, a func- 
tional response indicated that the number of daphnids taken 
by the fish increased with the density of Daphnia in the reser- 
voir, but was independent of the fish density. As a conse- 
quence, age-1 perch was an important predator of daphnids 
only during periods of high Daphnia abundance and there- 
fore the predation rates might not be decisive in suppressing 
Daphnia density below a critical evel. 
Comparing diets of age- 1 perch and age- 1 roach, D. galea- 
ta reached substantially higher proportions in the digestive 
tracts of age-1 perch (this study and KAHL et al., this volume). 
However, age-1 roach were more abundant than age-1 perch 
in the year investigated by KAHL et al. (1998). We thus con- 
clude that predation on daphnids by age-1 perch in Bautzen 
Reservoir was of lower importance compared to age-1 roach 
as well as age-0 perch (MEHNER et al. 1995; HOLSMANN et al. 
1999). 
During low abundance of daphnids, age-1 perch in 
Bautzen reservoir did not switch to benthic food as described 
for juvenile perch by several authors (GUMA' A 1978; PERSSON 
1986; PERSSON &GaEENBEaG 1990). By contrast they 
switched to age-0 fish as prey, switching back to daphnids, if
there was a second peak in autumn (Fig. 2 a). This change in 
food components may be due to a combination of the relative 
Daphnia and age-0 fish availability. Re-switching of age-1 
perch to daphnids as prey in autumn was probably caused by 
a lack of suitably sized age-0 fish. In autumn, age-0 fish are 
bigger than in summer, and additionally size-selective preda- 
tion by piscivorous fish took place, favouring the survival of 
the larger age-0 fish on which the age-1 perch could not 
longer prey upon (OLsoN 1996; D(3aNER et al. 1999). 
However, age-0 fish was the most important prey item of 
age-2 perch both in years with and without strong year-class- 
es of age-0 fish (Fig. 1 b, Fig. 2 b). This indicates that there 
was a strong preference for fish as prey, and that energy avail- 
able from zooplankton was obviously to low to match the re- 
quirements ofthe age-2 perch. The estimates of the year class 
strength of age-0 fish should be treated with caution, because 
number of years analysed is low, the use of gill nets may be 
problematic (high standard eviations of CPUE) and the dif- 
fering position of the gill nets in 1992 may effect he validity 
of our conclusions. However, the year-class strengths of age- 
0 fish estimated for 1992, 1993 and 1995 were corroborated 
by similar variability in gill net catches of older fish during 
the following years (MEHNER et al. 1998 b; H. D6RNER, un- 
publ. results). 
Early piscivory of perch is a key mechanism in stabilising 
high abundance of daphnids in mesotrophic lakes as de- 
scribed by PERSSON et al. (1992). However, the same stabilis- 
ing effect was also demonstrated for percids in the hyper- 
trophic Bantzen Reservoir [for age-0 perch and zander: 
MEANER et al. (1996 a, b, 1998 a); for age-1 perch: D6RNER 
et al. (1999) and this study; for age-2 perch: SCHULrZ et al. 
(1992) and this study]. Therefore, we conclude that not the 
trophic state of the lake but probably the high proportion of 
piscivores in the total fish stock (BENNDORF et al. 1998) could 
be a reason for early piscivory. A high proportion of pisci- 
vores leads to a decrease in planktivores like roach (BENN- 
DORF et al. 1998). As a consequence, the feeding impact on 
zooplankton and competition between planktivorous fish de- 
crease. This could lead in combination with high water tem- 
peratures and high zooplankton densities in spring to out- 
standing growth rates of age-0 perch. Early piscivory de- 
pends on the availability of prey fish of suitable size. As de- 
scribed by MEHNEa et al. (1996 b, 1998 a) for Bautzen Reser- 
voir, piscivory occurred already in the largest age-0 perch in 
several years. These perch fed on age-0 zander which hatched 
in large numbers at least one month later than perch. When 
age-0 zander became too big, piscivorous age-0 perch 
switched to smaller age-0 percids as prey (mainly ruffe). The 
high proportion of piscivores in Bautzen Reservoir (BENN- 
DORF et al. 1998) therefore could possibly lead to early pis- 
civory of perch in both a direct and an indirect way: (1) the 
availability of a high number of age-0 zander as prey (direct) 
and (2) the fast growth of age-0 perch (indirect). 
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Due to their fast growth during the first year of life and their 
subsequent large size in the next spring, age-1 perch in Bautzen 
Reservoir were able to feed on age-0 fish all over the summer 
period. They were at least partly piscivorous in every year of 
our investigation time, starting earlier feeding on age-0 fish 
than older perch and zander [for example in 1997, DORNER et 
al. (1999)]. Consequently, the feeding impact of age-0 and 1 
perch on daphnids is restricted to the periods where Daphnia 
density is high and the size of the available prey fish does not 
match the mouth gape of the predators. Age-2 perch in Bautzen 
Reservoir were mainly piscivorous in all years analysed and 
therefore did not contribute to the impact on daphnids. 
Comparable patterns of food-web interactions were also de- 
scribed for Lake Mendota by JOHNSON et al. (1992) and POST & 
RUDSTAM (1992). Perch in Lake Mendota were similarly pis- 
civorous, feeding on age-0 walleye and age-0 perch. But in 
contrast to Bautzen Reseryoir, this piscivory was restricted to 
age-2 and older perch (Post & RLrDSTAM 1992). In a study on 
the feeding behaviour of perch in eight lakes in central Sweden, 
HJELM et al. (2000) found that perch were exclusively zoo- 
planktivorous or benthivorous for an average period of 4.4 
years before becoming piscivorous. This difference in timing 
compared to perch in Bautzen Reservoir may be due to shorter 
summer periods resulting in reduced growth of perch in central 
Sweden. 
Summarizing, we conclude that age-1 perch in Bautzen 
Reservoir did not substantially affect daphnids in the top-down 
manipulated food web of Bautzen Reservoir. They were at least 
partly, and age-2 perch mainly, piscivorous all over the investi- 
gation period. Therefore, depending on abundance, age-1 and 2 
perch could be important sources of early mortality of age-0 
zooplanktivores in Bautzen Reservoir. Our study indicates that 
probably the good growth of perch in response to the high pro- 
portion of piscivores in the lake contributes to the strong over- 
all piscivory of perch and therefore nhances the efficacy of a 
long-term biomanipulation experiment. 
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